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Introduction: 
DNA amplification is a cardinal feature of cancer and plays an important role in tumor 
progression by altering the gene expression program. These amplified regions are associated 
with oncogenes of known and unknown identity. We aim to identify novel oncogenes within 
regions of recurrent genomic amplification in breast cancer. By utilizing array comparative 
genomic hybridization technology to map DNA copy number changes at high resolution, we 
have identified a recurrent region of high-level amplification at the 8q21 locus that is clinically 
significant in breast cancer by our preliminary analysis and has yet to be associated with a known 
oncogene. We narrowed down this region to two annotated genes with unknown function, 
ZBTB10, and ZNF704, two genes with zinc finger and potential DNA binding domains.  These 
proteins could be transcription factors and potential drug targets. 
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Body:  
Aim 1: Inhibition of candidate oncogene expression and assessment of tumorigenic phenotype.   
Two candicate oncogenes, ZBTB10 and ZNF704, were identified from the preliminary 
microarray data and found to be recurrently amplified in both breast cancer cell lines and tumor 
samples.  The inclusion of both genes within the amplicon was confirmed by real time 
quantitative PCR in two breast cancer cell lines (SKBR3 and EFM192A).  The relevant driver 
oncogene contributes to the tumorigenic phenotype which can be assessed by measuring cell 
proliferation, apoptosis, migration, and invasion. We hypothesize that inhibition of the relevant 
oncogene will result in an altered phenotype whereas inhibition of the irrelevant gene will yield 
no noticeable change. Therefore, we inhibited both candidate oncogenes respectively by RNAi in 
breast cancer cell lines and assayed for these phenotypes.  A total of 7 siRNA's targeted against 
ZBTB10 mRNA and 3 siRNA's against ZNF704 were transiently transfected in cell lines that 
harbored amplification in this region.  Successful knockdown of mRNA expression was assessed 
by real time RT-PCR.  The most effective siRNA with the greatest percentage of knockdown  

was chosen to conduct further experiments.  We were able to achieve 75% knockdown of 
ZBTB10 gene expression and 50% knockdown of ZNF704 24 hours post transfection.  Tumor 
relevant phenotypes including cell proliferation, apoptosis, and cell migration and invasion were 
assayed in transiently transfected breast cancer cell lines.  However, no significant difference in 
any of these phenotypes was detected between either candidate oncogene and the negative 
control siRNA against the irrelevant gene, Luciferase (figure 1).   
siRNA transfections in low serum conditions also did not yield any phenotypic changes as 
previously seen in knockdown experiments with other oncogenes.  To ensure, we were achieving 
knockdown of mRNA levels over the duration of the assay, we assessed mRNA levels for each 
oncogene on Day1, 3, and 5 post transfection of the siRNA by real time RT-PCR.  Although we 

Figure 1.  No significant differences in cell proliferation when candidate oncogene 
expression levels were inhibited.  SKBR3 breast cancer cells were transfected with the 
indicated siRNAs against the candidate oncogenes.  Expression of ErbB2 was inhibited as a 
positive control.  siRNA against Luciferase (Luc) was used as a negative control.  Cell 
proliferation was assessed with the WST-1 assay (Roche).  
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achieved significant knockdown of mRNA levels by day 1, ZNF704 expression levels rose on 
Day 3 and returned to pre-transfection levels by Day 5.   

 

 

 
To achieve consistent knockdown, we established stable cell lines that continually suppress 
expression of the candidate oncogene by stably producing the siRNA.  We utilized a construct 
pSilencer (Ambion) that when transcribed generates a short hairpin (shRNA).  .  Cells will 
generate shRNA that will be processed by the cell to produce siRNAs and inhibit expression of 
the targeted gene over a long period of time.  The consistent knock down of gene expression may 
allow us to detect a phenotypic change.  5 stable cell lines were successfully established for each 
of the two candidate oncogene.  These constructs were transfected into the SKBR3 breast cancer 
cell line and selected for integration.  These 10 stable cell lines will be tested for tumor relevant 
phenotype such as cell proliferation, cell cycle analysis, apoptosis, and cell migration and 
invasion  
 
Aim 2:  Ectopic overexpression of candidate oncogenes in immortalized breast cancer cell line. 
cDNAs of each candidate oncogene were obtained by RT-PCR and cloned into mammalian 
overexpression constructs linked with a v5 epitope tag.  Technical difficulties were reached in 
the expression of the construct when transfected into non-transformed immortialized breast 
cancer cell line MCF10A.  Resequencing and recloning from alternate sources of the gene will 
be carried out to ensure adequate overexpression of each candidate oncogene.   
 
Aim 3:  Characterization of ZNF704 and ZBTB10 protein.   
Antibodies were generated against both candidate oncogenes respectively.  Antibodies are 
currently undergoing testing for specificity for both western blot analysis as well as 
immunohistochemistry.  Initial crude lysates did not detect a specific band of the right size 
during western blotting analysis.  Further peptide purification is necessary to yield specificity.  

Figure 2.  ZNF704 RNA levels rise after transient transfection of siRNA.  siRNA 
targeted against ZNF704 were transefected into two breast cancer cell lines, EFM192A and 
SKBR3.  RNA expressions levels were assessed by real time RT-PCR.   
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Immunohistochemistry on breast tissue samples as well as paraffin embedded cell lines did not 
yield specific staining.  Further optimization will be needed to overcome these technical 
difficulties.   
 
Key Research and Training Accomplishments:  

• Attended course:  Genomics 211 
• Attended Introduction to Biostatistics Workshop 
• Mastered experimental techniques on both aCGH and gene expression analysis by 

microarrays. 
• Learned to analyze and process microarray data 
• Completion of several tutorial courses on the Stanford microarray database. 
• Teaching Assistant for Cancer Biology 101 

 
Reportable Outcomes:  
Abstract Presentation: 

Kao, J. and Pollack J.R. (2007) “The Functional Dissection of Amplicons in Breast Cancer by RNAi.”  
3rd Annual Asia Pacific Multidisciplinary Metting for Cancer Genomics Research, Hong Kong. 

 
Conclusion:  
To determine which candidate oncogene is the ‘relevant’ driver oncogene in the 8q21 region, 
rurther characterization will be conducted on stable cell lines with long term inhibition of the 
candidate oncogene in question.  Further optimization of both the cloning of the cDNA of each 
candidate gene as well as purification of the antibodies will aid in overcoming the technical 
difficulties encountered.   
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